Introduction
============

Gastric cancer is one of the leading causes of cancer related deaths in the world, and it is especially common in East Asian countries.([@B1]) One of the major factors associated with improved survival of patients with gastric cancer is early detection. As a result of expansion of both nationwide cancer-screening programs and of private health check-ups, premalignant gastric lesions and early gastric cancer (EGC) are now detected with increasing frequency in Korea.([@B2]) The endoscopic mucosal resection (EMR) has become one of the established treatment procedures for small early gastric cancers without any lymph node involvement and precancerous gastric lesions.([@B3]) EMR is an effective technique for the removal of early GI tract neoplasm. Complication rates associated with the EMR are low. However, lesions over 20 mm cannot be resected in a single piece and piecemeal resection leads to local recurrence rates of up to 15%.([@B4],[@B5])

A novel technique, the endoscopic submucosal dissection (ESD) has been proposed to guarantee en bloc resection.([@B6]-[@B8]) This technique has several advantages: the resected size and shape can be controlled, en bloc resection is possible even with large tumors, and tumors with ulcerative findings are also resectable. In addition, the ESD can provide a precise histological diagnosis and has been associated with a reduced recurrence rate.([@B5]) The ESD can be used for the resection of complex tumors, such as large tumors, ulcerative non-lifting tumors and recurrent tumors.

When performing the ESD, difficulty can arise because the features of the target mucosal lesion might be different in the second endoscopic examination, from the index endoscopy. Erroneous diagnosis by forceps biopsy is a reason to cancel an ESD in addition to disease progression and spontaneous regression.([@B9],[@B10]) If we could enroll the patients with appropriate indication for gastric ESD, the benefit would be avoiding unnecessary surgery and also be avoding unnecessary ESD vice versa.

In this study, the clinical outcomes of cancelled ESD procedures were evaluated. The objective of this study was to determine the accuracy of the decision to cancel an ESD.

Materials and Methods
=====================

1. Patients
-----------

Out of 1,010 cases of gastric ESD performed from January 2007 to April 2010, 62 were included in this study. These patients had an ESD planned, but then cancelled. The mean follow-up period was 474.81±285.54 days. The patients with advanced gastric lesions on the initial conventional white light image (cWLI) were excluded. The patients were divided into two groups: Under-diagnosed and over-diagnosed. For example, in cases where the initial diagnosis from a local clinic suggested the need for an ESD, the lesion might have been observed as more advanced than appropriate for an ESD on the second cWLI and endoscopic ultrasonography (EUS), and these cases were defined as under-diagnosed (unable or difficult to perform an ESD). By contrast, if the lesion on the ESD was vague in appearance such as with indistinct margins or as too small or more consistent with gastritis on biopsy, during the second cWLI, these cases were defined as over-diagnosed (unnecessary to perform an ESD). The institutional review board of our center approved this study.

2. Methods
----------

When an ESD was planned, the expanded ESD indications were adopted in cases with adenocarcinoma. The expanded indications for EMR were suggested by Gotoda in 2000. Based on the report, at the National Cancer Center and other groups, the indications for ESD are: (i) non-ulcerated, differentiated-type mucosal carcinomas, regardless of tumor size; and (ii) differentiated-type mucosal carcinoma with an ulcer scar ≤30 mm.([@B11]) If the target lesion did not meet the criteria for the procedure during the second cWLI such as in cases with advanced disease (i.e. submucosal or muscularis propria invasion on EUS, size over 3 cm with ulceration), the procedure was cancelled. In the case of dysplasia, the ESD was cancelled when the lesion to undergo ESD was vague in appearance with indistinct margins, too small, or was confirmed as gastritis on the biopsy from the second endoscopy.

All 62 patients were referred for ESD from local clinics. The endoscopic features and pathology from the local clinics were reviewed. The mean time lag between the first and second endoscopy was 37.65±15.12 days. The second endoscopy for the ESD (GIF-H260, GIF-H180, Olympus, Tokyo, Japan) was performed at our clinic by a single expert (SW Jeon), who has performed more than 1,000 gastric ESDs.

A radial scanning, 20-MHz catheter, probe (UM3R, Olympus), was used by the same physicians in all patients except the patients with advanced gastric cancer (AGC) features on second endoscopy. The probe was passed through the instrument channel of a two channel endoscope (GIF-2T200, Olympus). When the ESD was cancelled, a repeat biopsy (defined as the second diagnosis) and another description of the target lesions was performed.

The reasons for cancelling the ESD were categorized into four groups in the under-diagnosed group: gross AGC features, submucosal invasion in the EUS, size \>3 cm with ulceration, and diffuse infiltrative lesion. The consistency between the second diagnosis and the final surgical pathology in the patients that went to surgery was evaluated. In addition, the clinical and endoscopic data were analyzed to assess the relationship between the accuracy and variables that were assumed to be predictive of the accuracy associated with canceling the ESD. In the cases that underwent surgery, the clinical outcomes were reviewed and the accuracy of cancelled cases assessed.

3. Statistical analysis
-----------------------

A statistical software package (SPSS ver. 14.0, SPSS Inc., Chicago, IL, USA) was used for the data analysis. For assessment of the association between the accuracy of the decision and the study variables (i.e. category of size, location, endoscopic features, and pathology), the χ^2^ test was used, and the independent t-test for quantitative variables. P-values less than 0.05 were considered to be significant.

Results
=======

1. Clinical characteristics of patients
---------------------------------------

The target lesions were more frequently located in the lower portion of the stomach. Macroscopic types were classified as elevated, flat, and depressed. The depressed type was more common (32 \[51.6%\]) than the others (15 flat lesions \[24.2%\] and 15 elevated lesions \[24.2%\]). The tumor size was categorized into four groups: (\<20 mm, 19 \[30.6%\]; 21\~30 mm, 16 \[25.8%\]; 31\~40 mm 14 \[22.6%\], \>40 mm 13 \[21.0%\]). The pathological diagnosis when referred was 35 low grade dysplasias (LGDs) (56.5%), six high grade dysplasias (HGDs) (9.7%), 19 adenocarcinomas (30.6%) and two atypical cells (3.3%). Twenty-five (40.3%) patients underwent surgical treatment and four (6.5%) patients underwent ESD later ([Table 1](#T1){ref-type="table"}).

2. Clinical outcomes of the patients
------------------------------------

Among the 62 cancelled cases, 30 (19 adenocarcinoma, 5 HGD, 5 LGD, 1 atypical cell in initial diagnosis) were under-diagnosed when referred, and consisted of six cases of gross AGC on the second cWLI ([Fig. 1A, B](#F1){ref-type="fig"}), 18 cases with submucosal invasion on the EUS ([Fig. 1C, D](#F1){ref-type="fig"}), four cases with a size over 3 cm and ulceration, one case with diffuse infiltrative endoscopic features and one case with lymph node involvement on computed tomography (CT) ([Fig. 2](#F2){ref-type="fig"}).

Thirty-two patients were over-diagnosed (1 atypical cells, 1 HGD, and 30 LGD on the initial diagnosis) and their pathology at the time of the second endoscopy was one adenocarcinoma, 17 dysplasias, 11 cases of chronic gastritis and three cases with no suspected mucosal lesions for re-biopsy. Adenocarcinoma identified on the re-biopsied cases underwent ESD later and three cases with dysplasia had ESD later.

3. Clinical outcomes in the under-diagnosed group (unable to perform an ESD)
----------------------------------------------------------------------------

In the under-diagnosed group, 25 patients underwent a gastrectomy (subtotal or total, according to the location) with D1-2 dissection. The clinical outcomes of these 25 operated patients are described in [Table 2](#T2){ref-type="table"}. There was no lymph node involvement on the final surgical pathology.

4. Clinical Outcomes in the over-diagnosed group (unnecessary to perform an ESD)
--------------------------------------------------------------------------------

In the over-diagnosed group, four cases underwent an ESD later. All 4 cases were considered unnecessary to perform ESD due to indistinctive margins on the second endoscopy. The time lag between the second diagnosis and the ESD performed later varied from 20 days to 227 days ([Table 3](#T3){ref-type="table"}).

Clear margins were obtained by ESD in all four cases and the location of the final lesion on ESD was consistent with the initial location described at the local clinic.

5. Accuracy of the decision to cancel an ESD
--------------------------------------------

The overall accuracy of the decision to cancel an ESD was 40% (10/25); 33.3% (2/6) in the gross AGC subgroup, 40% (2/5) in the over 3 cm with ulceration subgroup, 46.2% (6/13) in the submucosal invasion by EUS subgroup and none in the one suspected lymph node involvement case on CT ([Table 4](#T4){ref-type="table"}). Lesion size, endoscopic features, pathology and location of the lesion were not associated with the decision accuracy in the statistical analysis.

Discussion
==========

The worldwide clinical application of ESD, has allowed more cases of early stage gastric cancer to be treated by endoscopic resection. With the widespread use of endoscopic resection for the treatment of gastric neoplasms, precise staging has become mandatory in order to assess the appropriateness of the procedure for curative treatment.([@B12]-[@B14]) With regard to the clinical decision to perform an ESD, it is impossible to assess the precise invasion depth of the forceps biopsy. Thus, EUS is the first-choice imaging modality for determining the depth of invasion.([@B12],[@B14])

A meta-analysis of 22 studies showed that the accuracy of EUS for T staging in gastric cancer ranges from 65% to 92%.([@B15]) These studies confirmed that EUS is the most accurate staging method for gastric cancer. However, when the studies are limited to early gastric cancer, the accuracy for T staging is only 70\~76%.([@B16],[@B17]) A systematic review of 18 studies demonstrated that the sensitivity of EUS in differentiating mucosal cancer from cancer extension beyond the mucosa varied significantly, ranging from 18.2% to 100%.([@B12]) The accuracy of EUS in differentiating between early and AGC is high. However, there are problems in distinguishing T1a from T1b cancer, which is critical in the selection of patients for endoscopic resection of early gastric cancer. The reasons for an incorrect diagnosis with EUS include tumor microinvasion, peritumor inflammation, a distinctly protruding lesion, and oblique scanning.([@B18]) Microinvasion may result in under-staging, as it is difficult to diagnose minimal submucosal invasion. Over-staging may be associated with ulceration, peritumor inflammatory changes, or fibrosis. About 10\~30% of early gastric cancers have ulceration with accompanying fibrosis, which is seen as a hypoechoic lesion on EUS, similar to tumor invasion.([@B18])

In this study of cancelled ESD cases, only six out of 13 cases (operated cases due to cancer invasion suspected in over one third of submucosa by EUS) were accurate according to the final surgical pathology reports. Another 53.8% of cases had intramucosal cancer on the surgical pathology reports, which suggests they underwent avoidable surgery. In this study, large lesions and a high frequency of depressed lesions may have been responsible for lower EUS accuracy in comparison to other studies.

To distinguish cancer invasion from ulcer fibrosis, a method of pattern analysis was introduced. This pattern analysis was based on the fact that ulcer fibrosis always has a fan-shaped spread, while cancer invades in an arched-shaped spread. However, micro-invasion into the ulcer fibrosis does not change the contours of the fan-shaped ulcer fibrosis, so micro-invasion is not detectable by EUS. By using this pattern analysis, it was reported that the diagnostic accuracy for depressed-type EGC with ulceration was 76.1%.([@B19]) Contrast-enhanced EUS was recommended to be another method to improve the accuracy of EUS for lesions with ulcerous changes. If the area of the carcinoma cells was selectively enhanced by intravenous contrast, it might contribute to distinguishing tumor invasions from fibrosis and lead to an accurate diagnosis for lesions with ulcerations.([@B20]) Kida et al.([@B21]) reported that three-dimensional EUS (3D-EUS) provided a practical way to diagnose small invasion of tumors larger than 500 µm with an accuracy of 78.7% when EGC had no ulcerous changes, suggesting that 3D-EUS may be more useful and more accurate for diagnosis. However, even with the use of 3D-EUS, differentiating the minute gastric cancer invasion of ulcer fibrosis from ulcer fibrosis alone has been difficult.

The accuracy of the decision to cancel the procedure due to gross AGC features and a size larger than 3 cm with ulcerations was also low (50%). Perhaps due to the small sample size; however, the endoscopist must be cautious with regard to the decisions on how to manage the AGC lesions. Performing EUS is acceptable in cases that appear to be AGC. Fifty percent of cases with EGC that were large (\>3 cm) with ulceration had the potential for complete resection by ESD, in this study. Although a larger study with a randomized controlled design is needed, EUS examination can be carefully performed to assess the possibility of complete resection by ESD in patients with EGC; especially for those where more invasive procedures are contraindicated.

Thirty-two out of 62 cancelled cases were considered to be over-diagnosed on the first endoscopy. For the second diagnosis, well demarcated, definite mucosal lesions for ESD were not observed as in the first diagnosis. In previous studies, the proportion of spontaneous regression of gastric adenomas has been reported to be from 11% up to 74%.([@B9],[@B22]) This wide variability was associated with a diverse proportion of LGD and HGD in the enrolled cases. In 28 cases, lesions that needed endoscopic resection did not reappear during the follow up period. However, demarcation was clearly observed in four cases on the follow up endoscopic examination, and ESD was performed later. One case had an adenocarcinoma on the final ESD pathology.

Narrow band imaging (NBI) has been used as a tool for well demarcation of the lesion and is a video endoscopic imaging technique that enhances the visualization of microstructures and capillaries in the superficial mucosal layer by the use of narrow band filters that change the spectral features of the observed light relative to that of the narrow band filters.([@B23]) Predictions of the histological characteristics of gastric cancer lesions can also be made using NBI and magnifying endoscopy (NBI-ME), which yield very clear images of microvessels on mucosal surfaces.([@B24],[@B25]) One study demonstrated that determining the border of the lesion recognized by differences in capillary structures with NBI-ME is useful and helps with the en bloc EMR of EGC.([@B26]) In addition, autofluorescence imaging (AFI) is one of the newly developed technologies that produce real-time pseudocolor images by detecting natural tissue fluorescence from endogenous fluorophores that are emitted by the excitation of light.([@B27],[@B28]) Several studies have reported that the AFI can reveal minute lesions of the stomach that were not detected by cWLI.([@B28]-[@B31]) Therefore, the AFI might also be helpful for the determination of the extent of small gastric lesions before treatments such as EMR/ESD. In this study, determination of the depth of the invasion was the main problem in the under-diagnosed group, whereas a definite demarcation line was an important factor in the over-diagnosed group. These two factors are essential in the determination of the endoscopic resectability of gastric neoplasms. By using only cWLI, it is very difficult to confirm these factors before obtaining surgical pathology. The clinical usefulness of NBI-ME and AFI should be further validated.

The limitations of this study include the following. The study used a retrospective design. Also, 1st endoscopy was performed by various endoscopist in local clinics, but data base on ESD was maintained prospectively by a single endoscopist, thus bias was minimized. Because of the low ESD cancellation rate in this study (6.1%), there was a small sample size (n=62). The third limitation was the use of multiple endoscopy results from multiple local clinics; different imaging procedures might have been performed in the first and second endoscopic procedures with different equipment. The variation in the time interval between the index and second endoscopy might be another limitation of this study. A large prospective randomly controlled trial is needed to further assess the decision-making procedure for ESD.

There are some technical difficulties for achieving successful complete resections and very specific indications are needed to achieve successful complete resections. Other new diagnostic options other than EUS and conventional white light endoscopy are needed to make more accurate clinical decision when considering an ESD.

![Two centimeter elevated mucosal lesion was revealed as HGD on the initial diagnosis of a 63-year-old male (A). However, ulceration and a size over 3 cm were observed on the second cWLI 59 days later (B), therefore surgical treatment was performed. EGC was diagnosed on a 3 cm IIa lesion of the antrum in a 75-year-old female (C). However, the lesion already involved over 1/3 of the upper submucosa on the EUS performed 9 days later compared to the initial endoscopy (D). HGD = high grade dysplasia; cWLI = conventional white light image; EGC = early gastric cancer; EUS = endoscopic ultrasonography.](jgc-12-99-g001){#F1}

![Clinical outcomes of cancelled ESD cases. Among the 62 cancelled cases, 30 (19 adenocarcinoma, 5 HGD, 5 LGD, 1 atypical cell in initial diagnosis) were under-diagnosed when referred, and included six cases of gross AGC by endoscopic features, 17 cases with submucosal invasion on EUS findings, five cases over 3 cm with ulceration, one case with diffuse infiltrative endoscopic features and one case of lymph node involvement on CT. Twenty-five among the 30 under-diagnosed cases underwent subtotal gastrectomy and none had lymph node involvement. Thirty-two patients were over-diagnosed (1 atypical cell, 1 HGD, 30 LGD in initial diagnosis) and their pathology at the time of the second endoscopy was: 1 adenocarcinoma, 16 adenomas, 11 with chronic gastritis, and four cases with no suspected mucosal lesion for re-biopsy at the second endoscopy. Adenocarcinoma found in re-biopsied cases had ESD later and there were three cases that underwent ESD later with adenomas. ESD = endoscopic submucosal dissection; Adenoca = adenocarcinoma; HGD = high grade dysplasia; LGD = low grade dysplasia; AGC = advanced gastric cancer; EUS = endoscopic ultrasonography; LN = lymph node; CT = computed tomography; F/u = follow-up.](jgc-12-99-g002){#F2}

###### 

Clinical characteristics of the patients when referred for EMR/ESD (n=62)

![](jgc-12-99-i001)

EMR = endoscopic mucosal resection; ESD = endoscopic submucosal dissection; M = male; F = female.

###### 

Review of 25 cases in the under-diagnosed group that had surgery

![](jgc-12-99-i002)

ESD = endoscopic submucosal dissection; M = male; F = female; EGC = early gastric cancer; wd = well differentiated; md = moderately differentiated; HGD = high grade dysplasia; LGD = low grade dysplasia; AGC = advanced gastric cancer; sm = submucosa; EUS = endoscopic ultrasonography; LN = lymph node; CT = computed tomography; Adenoca = adenocarcinoma; m = mucosa; mp = muscularis proper; N = no; Y = yes.

###### 

Review of 4 cases of ESD in the over-diagnosed group

![](jgc-12-99-i003)

ESD = endoscopic submucosal dissection; F = female; M = male; HGD = high grade dysplasia; LGD = low grade dysplasia; Adenoca = adenocarcinoma.

###### 

Accuracy of decision to cancel the gastric ESD in the under-diagnosed group that had surgery

![](jgc-12-99-i004)

Values are presented as % (n). ESD = endoscopic submucosal dissection; AGC = advanced gastric cancer; Sm = submucosa; EUS = endoscopic ultrasonography; LN = lymph node; CT = computed tomography.
